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A troublesome disease of young nursing mice has occurred during the last 
2 years in the breeding colony maintained by this department.  Its manifesta- 
tions, epidemiology, and transmissibility are discussed in the preceding paper. 
The disease resembles in its age, incidence,  and obvious signs,  the epizootic 
disease of suckling mice described by Syverton and Olitsky (1) and attributed 
by them  to  infection  with  microorganisms  of the  Salmonella  group.  Such 
bacteria, however, were not obtained in cultures from the feces or intestinal 
scrapings in the present instance.  Furthermore, in the epizootic described by 
Syverton  and  Olitsky,  the  ileum  and  colon were  the  seat  of inflammatory 
infiltration  with  polynudear  cells,  ulcerations,  and  even  sloughing  of  the 
mucosa.  These changes were not noted  in our animals;  indeed, aside from 
slightly increased cellularity of the stroma of some of the villi,  there was no 
inflammatory reaction, and the lesions were restricted to the nuclear alterations 
now to be described.  These authors specifically mention the absence of in- 
clusion bodies. 
In examining  sections of small intestine,  one of us noted the presence of 
intranuclear inclusions  in animals showing signs of the disease.  They occurred 
in the superficial epithelial cells of the villi, and in certain areas only.  In view 
of these observations, we have undertaken  additional histologic  studies and 
have examined a series of normal and diseased mice of various ages from birth 
to the end of the weaning period. 
The entire intestine from duodenum to anus was fixed in Zenker's fluid without acetic acid 
and embedded in toto.  Thus all parts of the intestine  were included in the sections.  The 
stains applied were hematoxylin-eosin, buffered Giemsa, and Laldlaw's acid fuchsin-phospho- 
molybdic acid---Orange G---hematoxylin for the demonstration  of inclusion bodies.  We have 
obtained  excellent preparations  with Laldiaw's  method.  In all, specimens from about one 
hundred  and twenty apparently  normal and diseased mice have been examined. 
The study has disclosed the occurrence of several types of inclusions,  both 
intranuclear and cytoplasmic, in the epithelial cells of the small intestine, and 
they will be briefly described. 
Intranudear Inclusions 
These assume two distinct forms.  The  relationship  between them is not 
entirely clear,  and  there are variants,  which may perhaps be interpreted  as 
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intermediate forms.  For convenience,  the  two  most frequently encountered 
types may be designated as spherical refractile (Type I), and diffuse granular 
(Type II).  They are invariably associated in the same animal, but not in the 
same nucleus, although it not infrequently happens that a nucleus showing the 
diffuse  granular  type  of  inclusion  may  also  contain  one  or  more  discrete, 
spherical eosinophilic (or fuchsinophilic) bodies as well. 
Type l.--The spherical inclusions range from 1 to 3 or 4 micra in diameter; they are sharply 
contoured,  quite refractile and dense, and usually surrounded by a clear halo.  The plasmo- 
some and chromatin become marginated (Fig. 1 a).  These bodies stain intensely with eosin, 
in hematoxylin-eosin  and Giemsa preparations, and with fuchsin by the Laidlaw method. 
They are found irregularly distributed in the epithelial cells of the small intenstine over the 
summit of the villi, sometimes sparsely, sometimes in greater numbers.  It is very rare to 
find them within all the nuclei of a villus, and in some preparations prolonged search is needed 
for their detection.  Inclusions  have never been found in the epithelial  cells of the colon. 
As a variant form, the inclusion occasionally assumes an elongate, sausage shape (Fig. 2). 
The nucleus  may contain, and usually does, only a single body, but as many as five may 
occur within a single nucleus (Fig. 3) and rarely a  nucleus  is found more or less completely 
filled with roughly spherical, discrete, fuchsinophilic bodies (Fig. 4). 
Similar inclusion bodies tending, however, to be somewhat larger and less uniformly spheri- 
cal, may be found within the nuclei of the reticular cells of the Peyer's patches and mesenteric 
lymph nodes.  Indeed, in a few mice, they have been found in the lymphoid tissue when they 
were apparently absent from the intestinal epithelium. 
Type lI.--The nucleus  becomes  enlarged and filled with a  gre~cish purple mass which 
crowds  the chromatin against the nuclear membrane  (Fig. 5).  Usually this material com- 
pletely fills the nucleus but occasionally it is retracted slightly from the nuclear membrane 
leaving a narrow clear space bridged by delicate strands (Fig. 6).  Under the oil immersion 
lens the material  appears as a cloud of fine particles embeddedin  a matrix.  With the Laidlaw 
stain the particles have an at~nity for the fuchsia.  Inclusions of Types I and II may occur in 
the same nucleus (Figs. 6 and 7). 
Time  of  Appearance  of the  Inclusions  and  Rdation  to  the  Diarrhea.--In 
seventeen mice killed before the 10th day of life, that is to say prior to occur- 
rence of the disease, no  inclusions were found.  On the  10th  day, they were 
present  in  three  mice with  diarrhea,  absent  in five  others from  normal,  un- 
affected stock.  They were never found in mice 16 days of age or over, although 
the disease itself occasionally occurs up to the 20th day.  We have examined 
fifty-two mice of the age group of 10 to 15 days, inclusive.  Of these sixteen had 
diarrhea and  thirty-six appeared  to  be  normal.  The  latter  group  included 
mice from one room where the disease was prevalent, and from another labora- 
tory where it had not been observed.  The incidence of intranuclear inclusions 
in the diarrheal group was  75 per cent  (twelve of sixteen); in those  without 
diarrhea, 5.7 per cent (two of thirty-six), a difference which is in all probability 
s~gnificant.  The two positive cases in the non-diarrheal group were mice taken 
from the same stock and room in which the spontaneous disease had been  oc- 
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clear inclusions were found in any mice from rooms or stock in which diarrhea 
had not occurred. 
Intranuclear inclusions in intestinal epithelial cells are characteristic also of 
the experimentally produced disease.  Following the feeding of unfiltered fecal 
material to healthy stock on the 3rd day, mice were examined for the presence of 
inclusions, one being sacrificed daffy from the 9th to the 15th day.  Typical 
inclusions  and diarrhea first appeared on the 10th day, were present on the 
11th,  12th, and 13th, and absent thereafter.  The inclusivns  were  thus cor- 
related with the onset of diarrheal symptoms.  As control the same number of 
healthy mice were killed at ages of 9 to 16 days inclusive.  These were animals 
of the same strain, obtained from another laboratory where the disease had not 
been observed, and were of the same strain as those used for the feeding experi- 
ments.  In none were intranuclear inclusions found. 
Several sections were studied which gave a clue to the rather sudden disap- 
pearance of the inclusion-containing  cells.  In the lumen of the small gut were 
seen  large groups  of rounded exfoliated epithelial cells in various states of 
preservation.  Many of them showed fragmentation of the chromatin into 
coarse clumps, with loss of nuclear membrane.  All the exofoliated cells con- 
tained fuchsinophilic  inclusions, intranuclear when the outline of the nucleus 
was still preserved, but present in the cytoplasm when nuclear fragmentation 
had occurred.  A selective desquamation of the affected cells in all likelihood 
accompanies the recovery from diarrhea, and leads to restoration of the normal 
mucosa. 
Cytoplasmic Inclu.vions 
A number of apparently healthy mice from stock in this laboratory and else- 
where in which no diarrhea had occurred were found to contain in the intestinal 
epithelium  cytoplasmic  inclusions  of  striking  and  easily  recognizable 
appearance. 
They were situated in the surface cells of the small intestine, and were  stained brilliantly 
red with the Laidlaw stain  (Fig. 8).  They appeared  as spherical or slightly oval, sharply 
outlined bodies usually a little smaller than a red corpuscle, and surrounded by a broad, clear 
halo.  In nearly all cases a single body was observed in a cell.  They lay between the nucleus 
and the intestinal surface of the cell.  In sections stained with pbosphotungstic acid hema- 
toxylin, they took a brownish yellow color, in contrast to the dark blue mitochondrial fila- 
ments,  which were pushed aside by the vacuole.  They were Gram-negative, and  did not 
stain metachromatically with thionine as does mucin. 
These cytoplasmic bodies  were found as early as the 3rd day of llfe and 
as late as the 15th day.  We have not investigated their occurrence  in older 
mice.  Usually they were not associated  with the intmnuclear inclusions, but 
in several animals with diarrhea both intranuclear and cytoplasmic inclusions 
were found, though never in the same  ceils and there is no reason to believe 
that they are in any way related. 420  EPIDEMIC  DIARRHEAL  DISEASE  0]~ MICE.  II 
We have been able to reach no satisfactory  conclusion as to the nature of these 
bodies.  They resemble somewhat the structures which have been described by 
Mallory (2), Taniguchi (3), Pappenheimer and Hawthorne (4), and Kritzler 
(5), which are of frequent occurrence  in the liver cells of man and certain 
laboratory animals.  They differ, however,  in their failure to stain blue with 
phosphotungstic hematoxylin and in the absence  of the filamentous bodies 
which often accompany the spherules  in the liver cells.  They can also be 
differentiated by their failure to stain with gentian violet in  Gram-stained 
preparations, 
DISCUSSION 
Convincing cvidcnce of the viral  etiology  of this  diarrheal  disease  of young 
mice must await further successful  transmission experiments, but the demon- 
strated correlation  between the occurrence of intranuclcar inclusions  in in- 
testinal  epithelium and the diarrhea  is  suggestive  of  such a cause. 
The various forms assumed by the intranuclear inclusion  bodies closely 
parallel  those described by IIammon and Enders (6),  by Lawrence, Syverton, 
Shaw, and Smith (7)j  and by Lucas and Riser (8)  in  infectious  panleucopcnia of 
cats.  The localization  of the inclusions  in intestinal  epithelium and lymphoid 
tissue  is common to both diseases. The varied appearances assumed by the 
intranuclear  inclusions  in our preparations duplicate those pictured by Lucas 
and Riser.  Whether there  is  a relation  between the causative  agent of the cat 
disease  and the still  hypothetical  virus  of  this  mouse diarrhea  cannot be dccided 
on morphologic grounds, but the question is  worthy of  further  investigation. 
The cytoplasmic inclusions,  on the other hand, appear unrelated to overt 
disease.  The possibility  that they are indications  of latent virus infection 
naturally comes to mind.  In their  staining  and morphology, though not in 
their tissue  distribution,  they are very like  those described by Slanetz and 
Smetana (9) in an epizootic viral infection of ferrets. 
S~ARY 
Intmnuclear inclusions were found in 75 per cent of young mice suffering 
from a  spontaneous diarrheal disease.  They were confined  to the epithelial 
cells of the small intestine, and to the intestinal and mesenteric lymphadenoid 
tissue.  They were seen only between the 10th and 15th days after birth.  In 
apparently healthy control mice of the same age group, they were found in only 
two of thirty-six animals (5.5 per cent) and these were in mice from the same 
room and stock as the diseased animals. 
Nursing mice experimentally infected by feeding unfiltered diarrheal feces, 
also showed inclusion bodies  from the  10th to the 14th day inclusive.  The 
inclusions were not present during a corresponding  age period,  in the healthy 
stock used for these experiments. 
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cells of young mice but without any significant relation to  the  disease  under 
study.  No conclusions as to their nature are warranted at this time. 
Addendum 
During  the  summer  of  1945,  the  colony in  which  this  disease  had  been 
studied was almost completely destroyed by accident.  The survivors are still 
being maintained and bred, along with four other strains from various sources. 
They are kept in a  common room.  Diarrhea has again become prevalent in 
the suckling mice. 
Seventy mice with diarrhea have been examined, but in none Of these have 
intranuclear inclusions of the type recorded been found. 
Inone of the new strains (VS) small spherical cytoplasmic inclusions within 
the epithelial cells of the small intestine have been detected in twelve of twenty- 
eight mice with diarrhea, and in one of seven mice with no api)arent  signs of 
disease.  Similar  inclusions  have also  been  encountered occasionally in  the 
other strains. 
These cytoplasmic bodies are not like those described and pictured (Fig. 8) in the paper. 
They occur in any portion of the ceil, below, above, or to one side of the nucleus.  They vary 
in size, but in general are smaller than the previously  observed  bodies, they are surrounded by 
a narrow, not a wide clear halo.  They occur in individual cells of a villus, and often require 
prolonged search for their detection. Large masses of exfoliated cells, with fragmented 
nuclei, and containing one or several similarly stained, fuchsinophilic  inclusions in the cyto- 
plasm are often found free in the lumen of the gut~ 
It is not possible at this time to interpret the significance of these cytoplasmic 
inclusions, and we wish merely to record their occurrence. 
Our failure to find intranuclear inclusions hasl however, raised new problems. 
Is the diarrheal disease which is now current in the new strains of mice, andin 
the survivors of the old strain which have been in possible contact with them, 
identical with that described above?  Do different strains react differently to 
the same agent in respect to the formation of inclusions?  Is there more than 
one specific agent involved in the pathogenesis of the disease? 
Further investigations are in progress which it is hoped may throw some light 
on these difficult problems. 
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EXPLANATION OF PLATE 24 
All drawings made from I~idiaw-stained preparations at m~-mification of 1~000. 
FIo.  1.  Mouse P  8.  13 days.  Diarrhea.  (s)  Spherical  inclusion.  (b)  Diffuse 
granular inclusion.  (c)  Normal nucleus. 
F1o. 2. Mouse P 8.  11 days,  Diarrhea. Sausage-shaped  intranuclear  inclusion. 
FIG.  3.  Mouse  P 8.  11days.  Diarrhea. Four sphericalinclusions  in  single  nuclens. 
FIo. 4. Mouse P 8.  11 days. Diarrhea. Nucleus filled  with discrete,  irregular 
dumps of fuchsinophilic  material. 
FIo. 5. Mouse P 8.  13 days.  Diarrhea. Several  nuclei  show inclusions  of  diffuse 
granular type. 
FIo. 6. Mouse P 8.  11 days. Diarrhea.  Nucleus contains  central  amphophilic 
mass with radial  threads extending to nuclear  membrane.  Two spherical  fuchsino~ 
philic  bodies. 
FIo. 7. Mouse P 8.  13 days.  Diarrhea.  Nucleus shows both diffuse  granular 
and spherical  inclusion. 
FIG. 8. Mouse CH.  9 days.  No diarrhea.  Cytoplasmic spherical  fuchsinophilic 
inclusions. TIlE  JOUI~NAL  OF  EXPERIMENTAL  MEDICINE  VOL.  85  PLATE 24 
(Pappenheimer and Enders: Epidemic diarrheal disease of mice.  II) 